Abstract. We study the behavior of the parameter w(z) of the dark-energy equation of state, px = w(z)ρx, as function of the redshift data from GRBs, to check its deviations from its most accepted value of -1. To this end we first find a reasonable calibration for the GRB in order to extract the luminosity distance dL as a function of the redshift. Then we proceed to calculate the Hubble function H(z) and w(z).
Introduction
The present accumulation of high quality cosmological data and their detailed analyzes have suggested that recently our universe has entered into an accelerated expansion epoch. The responsible of such acceleration presumably is the 70 % of the total content of the matter and energy of the universe, the so called dark energy. Therefore, one of the most important questions in cosmology is to elucidate the nature of dark energy.
The main observations that point to this state of the universe are the related to the luminosity of the supernovae Ia (SN Iae): distant SN Iae are dimmer on average by 0.2 mag than what expected in an Einstein-de Sitter model, fact that translates in they being farther away than expected. These results imply that we live in an accelerated phase of the expansion of the universe.
The cause and rate of the acceleration is of crucial importance and the dark energy equation of state should be analyzed with all possible data. Supernovae cannot be detected out past redshift 1.7, but Gamma-ray bursts (GRBs) offer a means to extend the Hubble measurements to redshifts as high as 8 [1] . The reason is that GRBs are visible across much larger distances than supernovae. GRBs are now known to have several light-curve and spectral properties from which the luminosity of the burst can be calculated. Correlations between various properties of the emissions have been used to determine their distances, however a straightforward use of GRBs as cosmological probes has been discouraged by the intrinsic faintness of the nearby events, therefore, the extrapolation of their correlations to low redshift events needs the introduction of a model. However, if one assumes that once leaving their source, light rays should propagate in the same way throughout the cosmic spacetime, then we can calibrate GRBs at low redshift using the known data for SNIa.
In this contribution we use a 24 sample of the GRB data given in [2] to analyze the behavior of w(z) assuming a FRW spacetime with a dark fluid matter with an equation of state (EoS) p x = w(z)ρ x ; in a flat universe, as suggested by WMAP.
w(z) parameter of the dark energy EoS
Let us consider the Friedmann equation for a flat spacetime,
where H(z) =ȧ/a is the Hubble parameter, ρ and p denote the total energy density and pressure of all the species present in the universe at a given epoch. We shall assume that ρ = ρ m + ρ x , with ρ m being the (dark and barionic) matter and ρ x the dark energy density. Defining the dimensionless fractional densities Ω i by
assuming that matter is modeled by dust, then p m = 0 and ρ m = ρ 0m (1 + z) 3 , taking into account thatḢ = −(1 + z)HH ′ , considering the redshift dependence of the Hubble parameter, dz = −(1+z)Hdt and the prime denoting derivative respect to redshift, we arrive to the following expression for w(z)
where the subindex 0 means the present value of the function. Moreover H(z) can be deduced from observational data through its relationship to the luminous distance d L ,
Note that so far our assumptions are a flat FRW spacetime and dust modeling matter. The concordance principle is implicitly assumed as well, Ω x + Ω m = 1. With these considerations we constrain the dark energy equation of state, as far as the uncertainties in the GRBs measurements allow.
Calibrating GRBs
Based in the data of Type Ia Supernovae [3] , Kodama et al [4] , used the following calibration to the luminosity distance d L 10 27 cm = 14.57z 1.02 + 7.16z 1.76 .
With Eq. (5) and the 69 GRBs observational data, we can use Eq. (3) and infer if the dark energy effective EoS parameter w is close to -1 (cosmological constant) or varies in time (quintessence).
However with the Kodama calibration and assuming H 0 = 70kms −1 Mpc −1 and Ω 0m = 0.31, using Eqs. (3) and (4), we obtained a physically unreasonable w(z), diverging at redshift z ∼ 1 (see Fig.2 ). We tried to repair this inconsistency by finding out another calibration for the GRBs extracted at low redshifts directly from Supernovae data.
Considering the empirical formula of the luminosity distance of Type Ia supernovae from Riess et al (2007) [3] with 0.359 < z < 1.755,
We apply Eq.(6) to 16 GRBs with the redshift z < 1.755 in our sample to obtain E γ = 4πd 2 L S bolo (1 + z) −1 F beam , where S bolo is the bolometric fluence estimated in 1 − 10, 000keV energy range in GRB rest frame and F beam is a beaming factor related with the jet opening angle. The used sample was obtained from Table 4 in [2] , they are the 27 reported objects with their respective S bolo and F beam ; from this set we removed three objects: GRBs 050505, 050904 and 060210 because of their large uncertainty in E peak . Moreover, the typical spectrum of the prompt emission of GRBs can be expressed as exponentially connected broken power-law, so called Band function. Then we can determine spectral peak energy E peak , E peak = (1 + z)E p,obs , corresponding to the photon energy at maximum in νF ν spectra. The prompt emission property is related to E peak , as a E peak − E γ relation found by L. Amati et al [5] (see also [6] ) that connects E peak with the isotropic equivalent energy E γ . We verify that the Amati relation is fulfilled by the 16 GRBs with z < 1.755, E γ 10 52 erg = 3.41 × 10 −6 E peak 1keV 1.63 .
Then, we apply this Amati relation to 8 GRBs with high redshifts, z < 4.3, to determine the luminosity distance as a function of z. Luminous distance adjustment for the GRB's data from [2] , derived using the Amati relation [5] ; the best fit is 10 27 cm × d L = 18.55z + 1.55z 2 with Rsquare R 2 = 0.65. The corresponding w(z) is plotted in Fig.2 
Applying the calibrated relation to high redshifts
For each GRB with z = z i we have the observed S bolo in units of erg/cm −2 , the dimensionless F beam and the observed E p,obs in keV. Then, using Eq. (7) and E γ = 4πd 2 L S bolo (1 + z) −1 F beam , the luminosity distance can be derived as
With the error propagation calculated according to
where σ i is the uncertainty related to each data, as reported in [2] . From Eq. (8) and the data of GRBs, we obtained Fig. 1 for the luminosity distance with 0.359 < z < 4.3 and the empirical 
Using this empirical rule for the luminosity distance as function of z, and using Eqs. (3)- (4) we derived the dark-energy equation-of-state parameter w(z) that is plotted in Fig. 2 .
Note also that we have used H 0 = 49.9km s −1 Mpc −1 that corresponds to the present value (z = 0) of the Hubble parameter given by our fit, Eqs. (4) and (10),
where the values of the constants obtained from our fitting Eq. (10), are a = 0.02, b = 0.003, c = 0.002.
Conclusions
The aim of this work is to determine the functional dependence of the dark-energy equationof-state parameter in terms of the redshift, w(z), from observational data coming from the GRBs. First we find the best calibration between the observational data of GRBs, obtaining the luminosity distance as function of redshift, d L (z), Eq. (10). Then we obtain the corresponding Hubble function and then w(z). Our estimation for H 0 = 49.91kms −1 Mpc −1 has the correct order of magnitude.
We noticed that Eq.(3) for w(z) is not valid for any redshift: There is a critical redshift z c where the factor [1−(H 2 0 /H(z) 2 )Ω 0m (1+z) 3 ] becomes zero, and then w(z) diverges; the value of z c depends on the chosen Ω 0m and H 0 . With our calibration of GRBs and the derived fit for the luminous distance, the obtained w(z) does not diverge in the considered redshift range, z < 4.3. However, the behavior of w(z) depends strongly on the Ω 0m assumed: this is the influence of dark matter on dark energy [7] ; w(z) is closer to -1 as the considered Ω 0m is smaller (see Fig.2 ).
Unfortunately the GRBs data have still such uncertainties that do not allow us to obtain definite conclusions. Qualitatively our results are in agreement with related works in [4] , [8] and [9] . In spite that GRBs data by themselves are unable to strongly constraint cosmological parameters, if in the future they can be considered as standard candles, they will be a complement to the SN Ia data sets and potentially very significant.
